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w ::= u(v)
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w1  w2 ⇐⇒ ∀p ≥ 1, [w1]p ≤ [w2]p.
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ÂÃy0³ e_³q{S±²wcxu¼rUyv4x±²~Uv_d Ge6~tyvqx{de6prtv+e~UyvZpUÄ4´epta{Gptydco
´i~Uyrte
P ` pe
´iacex¾e4e~Uo±²~te6ex{de{GeI{~Uyxc¥9yx
pe
ypice¶xceIyx
P
³
`aceguvZu|»Zyxc¥~tweIpiqe¶xyxc¥rUacec~Ue6cyu6{rte
P, H ` e : ct
{_~te,xcv´]¥_y_e6xyx¾¶¥_w~te,{_x¾{~Ue
cypUuwpUpte6Ge6v´,³
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P, H ` i : ck
ct ≤ H(x) 
	
P, H ` x : ct
P, H ` e1 : ck P, H ` e2 : ck 

P, H ` op(e1, e2) : ck
P, H ` e1 : ck P, H ` e2 : ck 
P, H ` e1  7 e2 : ck
P, H ` e : ck P ` pe 
P, H ` e  ;<D pe : ck 5<D pe
P ` pe H ` e1 : ck
5<D
pe P, H ` e2 : ck
5<DLD!5 9
pe 
P, H `
3;;
pe e1 e2 : ck
P, H ` e1 : ct2 → ct1 P, H ` e2 : ct2 
P, H ` e1(e2) : ct1
P, H, x : ct ` e : ct P, H, x : ct ` e′ : ct′  
P, H ` e′  ;; x = e : ct′
P, H ` e1 : ct1 P, H ` e2 : ct2 !
P, H ` (e1, e2) : ct1 × ct2
P, H ` e : ct1 × ct2 "	
P, H `  : 9 e : ct1
P, H ` e : ct1 × ct2 	#
P, H `
: DE
e : ct2
P, H, x : ct1 ` e : ct2 

#

H `
D!5FE@;
f(x) = e : [f : fgen(ct1 → ct2)]
P ` pe $%
#
P ` 4 ;1G 5FE p = pe : [p : pe]
H ` d1 : H1 H, H1 ` d2 : H2 #
&
H ` d1; d2 : H1, H2
P ` dp1 : P1 P, P1 ` dp2 : P2 #
' 
P ` dp1; dp2 : P1, P2
H ` e : ck ()

	*)$
H ` e′
9 9
e : ck
µy¥_w~te,FH`aef2vqu|»f{zuwwp
OQP ^O6R
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	 Öuv4xpr|{xPrprU~teI{d¯d{FoºaG{F_e{xZo	uvqu|» ck Â²~Uwce   Ä¼³
	 `aceuvqu|»ºv±{x¾yzqexPrty¶e6~u{x+e,yxpsrU{_xPrtyz{rteI ÂÃ~twe  
	 ³
	 `ace,yxccwqr|piv±yd+v_~trteI	c~Uyd9yrty_eIpdwpsr{Æ+e,v_xrtacepU{de,uvqu|»DÂ²~Uwce  
 Ä
	 `ace~Uwce  & pr|{rteIpirUaceuvqu|»v_± e1  7 e2 yzpirtaev_xe,v± e1 {xG e2 ³`ace~Uwce   
pr|{rUe6p9rtaG{rrtaceNuvqu|»½v_±
e  ;<D pe yp{ ptwcq°uvZu|»½v_±rUaceRuvZu|»Év± e {_x ´2e¾´i~UyrUeyr
ck
5<D
pe
³¯x\qv_yxc¥ ptvS´e dgwprRu|aceIu|» rUa{r
pe
yp¾{ F{_yz]Ge6~tyvqÆ³!xAeÇqc~Ue6pUptyv4x
3;;
pe e1 e2
yzpX´2e6uvqu|»_e6R{_xRv4xDuvqu|»
ck
y±
e1
ypXv_x uvZu|»
ck
5<D
pe
{x
e2
yzpv4x
uvqu|»rtaceuv_dcedexPr|{~UoºuvZu|»
ck
5<DD5 9
pe
³
	 `ace,~Uwce   yprUaceuz{_pUptyu6{+roZcyx¥~twcev±jN¹roZGeptoqprUedp³
	 `ace,~Uwce  $ yprUace,~Uwce±²v4~i~teIuwc~|pty4eXqe¶xcyrtyv_xp6³
	 `ace,~UwceIp  !   &	*$ {x  	*# {~UeXrtace,~Uwce6p±²v_~iG{y~Up6³
	 vqqece6uz{~|{rUyv4xp,Â²~Uwce  

#
 Ä{~UeuvZu|»4e6¾{_p~te6¥_wcz{~±²wcxGu¼rtyv_xNce¶xcyrtyv_xGp³ ® e´i~tyrte
H, x : ct1
{4prtaeguvqu|»	e6xPZy~tv4xcdexPr
H
eÇZrUexqeIR´iyrta¾rtaeg{_pUptvZuy{rtyv_x
x : ct1
³Q\e6u{_wpte
xcvqqeNqe¶xcyrtyv_xpv4xco {co {rrtv4q°Ye6_eÂ0{x u6{xcxcv_rGeNxe6psrte6GÄ¼´2eRu6{x ¥_e6xce~|{yÅ6e
e4e~Uoº{~Uy{_ce{GeI{~Uyxc¥9yxrUaceuvqu|»roZGe _³
	 `ace±²v4v´iyxc¥º~UwceIpXu|ae6u|»rta{rX+e~UyvqcpS{~Ue´eO±²v4~tde6HrUa{rSyp6;x{de6pyx eÇqc~Ue6pUpsyv_xGp
v±Ge6~tyvqcpi{~UeS¶~|prqe¶xce6+e±²v4~te+eyxc¥wpte6Æ³
	 `ace9~twce   ()

	$$$ ±²v_~Xrtace9psoZxPrU{Ç e1 9 9 e2 psrU{rte6prtaG{rSrtace9uvZu|»R{4ptptvquyz{rteIrtv e1ypyd+v4pte6Po	rtaceuvqu|»v_±
e2
³
Oerwpiywpsrt~|{rUeSrtaceIpse,qe¶xcyrtyv_xpiv4x	rUaceqv´ixpUu{_e6~6³
' ³i`aceuvqu|»ºv±µrtace,yxccwcrc~UvZue6pUpÂ tÄyprUace,cyx{~Uoº´v_~|rUace,{_pte,uvqu|» 7!9:<;
= (1)
³
¡q³i`aceºacv4~tyÅv4xPrU{¶GrUe~a{4prtae±²v_v´iyxc¥Rpty¥4x{rUwc~te4µuv_~U~teIps+v_xcyxc¥rUv¾rtaceºe¿+eIu¼rUy4e	psoZxq°
u|ac~Uv_xcv4wpydcedexPr|{rtyv_x¾v_±Ortae,c~tvque6pUpH
α → α
5 D
(10100100)
³
c³\er´eex rUace	av_~UyÅ6v_xPrU{_W¶rte~{xG¹rtace_e~trtyzu{_W¶rte6~6rUace 2(46572
89492ic~tvque6pUpprUv_~Ue6prUace
c~UeZyv4wpyxceIp,yx {Rptyqyxc¥¾´iyxqv´ v±ipsyÅeºqµcwqraG{_pxcvRyd{_urv_x¹rtaceºuvqu|»N+e6ptyzqe6p
qez{FoZyx¥rtacev_wqrUcwqrXwx4rUyyrX~Ue6ue6y4e6p±²wcyxceIp+yL³ e4³
5 × 720 = 3600
uoque6p6³ ® epta{_
¥_y_eSrtv9rUace,cwq¿;e~v4Ge6~U{rtv4~2rUaceuvqu|»	pty¥4x{rUwc~te
β → 03600β
³
8 ³i`ace9_e~trtyzu{_H¶rte6~X~tvqqwue6p
4
cyÇqezp±²~Uv_d
9
cyÇqezp~Ue+e6{rteIqoR{4u~Uv4pUprtace A ¡_cyÇqezpv_±
{ºpsrt~Uy+e	ÂÃyxce6p|Ä¼³iYr|ppsy¥_xG{rtw~teºÂ0uv_~U~Ue6ptGv4xqyxc¥9rtvrUaceptoPxGu|ac~tv4xcv_wGpydcedexPr|{rtyv_xRv_±
rtace,~tvqueIptp|Ä2ypH
γ → γ
5<D
(172007201720072007201720072007201720)
4  >  /  -> A -*.% >    !_   7>! @@ 7!>8/  _ 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`Ovptydcy±²oºrtacec~Ue6ptexPrU{rtyv_xHZ´eX´iyH{_pUpswcdeSyxd{xZw{Æuv_dcwqr|{rtyv_xGp?rUa{rrUacewcxcyrv_±
uv4d9wqrU{rtyv_xDv_±Wrtace4e~trtyzu{O¶rte~yzpX{yxce{xGRxcvr,{ºyÇqeLÆace6xue9~te6cz{_ue A ¡_Zo ' yx
rtace,~te6Pyv_wGpipsy¥_x{rtwc~Ue_ZoZyezqyx¥H
γ → γ
5<D
(101001001)
³
q³iyx{_o_4rtaeqe6pty¥_xce6~a{_p~teIÀ4wy~Ue6grtaG{r?y±;rtace¥4v4{yxcwqr2yzpWv_xºuvqu|»
ck
rUacexrUaceuvqu|»
v±;rtae 5   c~UvZue6pUpptacv_wcz+e
ck on (100000)
k rtaceXrtyde6p?ptwcq°pU{dce6yxccwqruvZu|»
k¢rUv_e~|{rUyxc¥º{_xN{_ccyrUyv4x{Ocez{Fo	rUa{rdgwpsrS{wcrtv_d{rtyzu{o	+egqeIqwueI±²~tv4d!rUaceguvqu|»
u{_uwcwGp³
`ace½uv_dGvPpsyrtyv_x]v±g{_Éc~UvZue6pUpseIp	oZyez rUace¹±²v_v´iyxc¥·roZ+e½uv_xGprU~U{_yxPrUpH 7!9!:<;
= α

β = α
5 D
(10100100)

γ = β
5<D
03600(1)
?{_x
γ
5<D
(101001001) = (100000)
³¹`ace¾xceÇZr
pte6urtyv_x¾{_cc~teIptpte6p2rtae,~teIpsv4wqrUyv4x	v_±µrUace6ptee6ÀPw{rUyv4xp6³
   E   N* ¬_«q© NÃß
xcy¶Gu{rtyv_xDyx u{4ptptyzu{uvqu|»Nu{_uwcyyzp,psoZxPrU{4u¼rtyzu{_ &%' ¡B(L³x v_wc~u{4pse4H{ptoZxPrU{_urtyzuwcxy¶Gu6{rUyv4x
v_±uvqu|»roZ+e6p´v_wcz	wxcxce6ue6pUpt{_~tyo~tese6u¼rid{xZo	ptoZxu|ac~Uv_xcv4wpc~Uv_¥_~|{dp2´iyrUa¾Ge6~tyvqqyuuvqu|»qp³
® ec~Uv_+v4pteX{9pse6d9y°YyxPrte6~t~terte6	wcxcy¶Gu{rtyv_x	rta{rr|{»4e6pyxPrUv9{4uuv4wcxPr2rUace,pse6d{xPrtyzupv±µGe6~tyvqqyu
uvqu|»qp6³jRv4~teXc~Ue6uyzpteo_PrtaceSwcxcy¶Gu6{rtyv_xv±Hr´vguvqu|»roZ+e6p
ct
{xG
ct′
u6{x	+eScwc~UeoºprU~twurtwc~|{
v4xº±²wcxGu¼rtyv_xG{Æ{x	{y~2roP+e6p6q´iace6~teXxcv9ptyd9y¶Gu{rtyv_xv_x	+e~UyvZcyuSuvqu|»Zpu{_xº+e{_ccyeIÆZcwqr
yra{_pµrtvS+e{F´{~Uev_±crtacec~Uv_+e~trtye6pµv±rtaceipU{dcyxc¥Xv_+e~|{rUv_~Â
on
Äµ´iacexgwcxcy±²oPyxc¥uvqu|»prU~teI{d
roZ+e6pv_±µrUace±²v_~Ud
ck
5<D
w
{x
ck′
5<D
w′
³
v_wc~Su{_pte6pdgwpsrGeguv_xGpsyzqe~Ue6H³y~Upsrv±W{Lwcxcy±²oZyx¥ 7!9:<;85<D
w
{_x(7!9:<;85<D
w′
~Uertw~txp
rU~tweSy±W{xv_xoºy±
w = w′
³`acyzpiyzprtacepU{de´iacex¾wcxy±²oZyxc¥
a
5<D
w
{x
a′
5<D
w′
³
`acy~|Æwcxy±²oZyxc¥
a
5<D
w
´iyrta7!9!:<; 5<D
w′
oZye6prtac~UeeGvPptptye~Ue6ptwcrUpH?y±
w′
yzpxvrX{ptwcq°
pU{dceiv±
w
PrUace~Ueiyp?xcvptv_wqrtyv_x_vrUace~U´iyzpserUace~Ued{Fo+ev_xev_~dv4~teptv_wqrtyv_xGpP{{~trtyzuwcz{~
v4xceypiptee6urteI{4pyxrUace,¥_e6xce~|{Æu{4pseS+ev´,³
xrtacedv4psrµ¥_e6xce~|{Pu{4pse4F{4ptptwcde
a
{_x
a′
{~Ue?uvqu|»F{_~tyz{eIp³H2À4wG{rtyv_x
a
5<D
w = a′
5<D
w′{_´{Foqpa{F_e{_xNyxq¶xcyrtegxPwd+e~v_±psv4wqrUyv4xp
(a, a′)
Æ{xrUace6pteptv_wqrtyv_xp¥_e6xce~|{rUe{xRyxq¶xcyrte
xZwcdgGe6~v±qy¿;e~UexPryxq¶xcyrteR+e~Uyvqqyzucyx{~Uo·´v_~|cp³ xPrtwcyrty_e6o4{ Ge6~tyvqqyzupU{dcyxc¥ v±
wuv_xptyzpr|pyx¾rUace,yxGpse6~srUyv4xv_±4pyx
w
yxN{g+e~UyvZcyud{xxce~I³Yryzp{´{FoZp+v4pUpsycertvºqe6{Fo	rtace
p
°0rUa ' yx
w
Â²~Ue6ptH³
w′
Ä2wcxPrty;rtae
p
°Lrta ' yx
w′
Â²~Ue6ptH³
w
Ä2rUac~tv4wc¥_a	rtace,yxpte~trtyv_xv±4pyx
a
Â²~Ue6ptH³
yx
a′
Ä³HerwGpiqe¶xertaceptwcq°pt{_dcyxc¥~Uez{rtyv_x
≤SS
cptwu|arta{r
a ≤SS b ⇐⇒ ∃α, a = α on b.
vrUe,rta{ry±
a ≤SS b
rtaex
a  b
{x¾yrXyzpWwGpr{x¾ydcyzu{rUyv4xH³i³ ¥³
(011)  (01)
{_xrtace6~te
yzpSxcv¾psv4wqrUyv4x
α
ptwu|aNrUa{r
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yzp?d{4qeXv_±Oc~Ue6ptexPr2v4~{_ptexPr2{wceIp³ ® eSqe¶xceXrtaceuvqu|»v±O{9pseIÀ4wexue
s{4p{+vZv_e6{xNpte6ÀPwce6xueºÂÃ´iyrUacv_wcrS{Gpse6x4rXF{_we6p|ÄyxGqyu6{rUyxc¥	´iacexN{{_wceypc~teIpse6xPr6³icv4~rtayp
wc~t+v4pte_q´e,u{_xqe¶xcerUace±²wcxurtyv_x
clock
±²~tv4d!uvqu|»_e6pseIÀPwcexue6prUv9+vZv_e6{_xpte6ÀPwce6xueIpH
clock(ε) = ε
clock(⊥.s) = false .clock (s)
clock(x.s) = true.clock (s)
® e,psaG{ÆwpseSrUaceersrte6~
v
±²v_~c~Ue6ptexPri{wce6p6³W`aZwp
v.s
qexcv_rteIpi{gpsrt~Ue6{_d¯´iacv4pteX¶~UpsrieedexPr
yzpXc~teIpse6xPrS{xGR´iacv4pte~Ue6psrXyzp
s
´iace6~teI{_p
⊥.s
qexvrteIpX{prU~teI{dÕ´iacv4pte¶G~UpsrXe6e6d9e6xPrXyzpX{_pse6xPr6³
`aegyxPrte~Uc~Uer|{rtyv_xRv_±?{4psyzuc~Uyd9yrty_eIpv_±rtae9uv_~Uez{xc¥4w{¥4ev_e6~Xuvqu|»_eIRpseIÀ4wexue6pXypS¥_y_e6x
yx¹¶¥_w~te A ³ ® eºwptertaceºd{_~t»
#
rtvNcypsrtyxc¥_wypta¹rtace	ptoZxPrU{_urtyzuuv4xprU~twGu¼r	Â²e4³ ¥G³  7R±²~tv4d£yrUpyxPrte6~tc~Uer|{rUyv4x{_pi{psrt~Ue6{_dØrt~|{xps±²v_~Ude~¼Ä¼³
	 `ace I<5 D3: 9Sc~tydyrUy4e2~tvqqwue6p{Xuv_xpsrU{_xPrpsrt~Ue6{d\±²~Uv_dÖ{_xyd9deIqy{rte{wce_³`acyzpµ~tydy°
rty_eypµ+v_oPdv4~tcayu2psyxueyrd{Foc~UvZcwue{{wceSÂ²v_~xcv_r|Äµ{_uuv_~|qyxc¥irtvXrtae2e6xPZy~tv4xcdexPr6³
cv4~rtacyzp~teI{_ptv_xHZ´eS{4c{xeÇZrt~|{g{_~t¥4wcdexPr¥_yPyxc¥9yr|piuvqu|»+³W`aZwp6
const# i s
qe6xcvrUe6p
{	uv_xpsrU{_x4rpsrt~Ue6{_d ´iyrta prU~teI{d uvZu|»
s
Â
clock (const# i s) = s
Ä¼³`ae{4pseuvqu|»ypX{x
yxc¶xcyrtepte6ÀPwce6xued{_qev_±Ortaert~Uwce,{wce6p6³
	 xgu6{_ptev±ccyx{_~toSv_+e~|{rUv_~I6´e?ydGvPpse?rta{rOrtae?r´v{~U¥_wd9e6xPrUpH+epsoZxu|ac~Uv_xv_wpÂ²rtv4¥_erUace~
c~Ue6ptexPrv_~rUv_¥_ertace6~{ptexPr¼Ä{xgrtaeicwc~UGvPpsev±+rtaeuvqu|»u{_uwcwGpyprUv,exptwc~Uepr|{rUyu6{o
rta{rxcvvrUace~u6{_pteSd{Fo	{_~t~Uy_eÂ²vrUace~U´iyzpse4Zptv_decwq¿;e~Uyxc¥ypxe6ueIptpU{~UocÄ¼³
	  7yzpHrUacewcxcyrU{~Uo,qez{FoHÆyrWuv4xpte6pÆrUaceace6{4,v±cyrUpµ¶~|pr{~U¥_wcde6x4rOrtvSyr|pµpte6uv_x{_~t¥4wcdexPr6³`ace{_~t¥4wcdexPrUp{_xrtaceg~teIpswrv_±  7	dgwpsrGegv_xrtacegpt{_d9eguvZu|»;³  7uv_~U~Ue6ptGv4xcprtv{r´v°pr|{rted{_u|ayxce$H?´iacye,rtacer´2vº{_~t¥4wcdexPrUp{_~te{_ptexPr6cyrXe6dyr|pxcv_rtacyxc¥º{xGRpr|{FoZp
yx	yr|p?yxcyrtyz{Æpr|{rUeÂ
fby#
Ä³ ® aex	+vrUa	{~Uec~Ue6ptexPrI4yr2e6d9yrUp2yrUp?¶~Upsr{_~t¥4wcdexPr?{xG¥_vZe6p
yxPrUvrtace,xce6´ApsrU{rteºÂ
fby1#
Äpsrtv4~tyxc¥9rtace,~te6Pyv_wGpF{_weSv_±yrUppseIuv_xG{_~t¥4wcdexPr6³Wxrtayp
pr|{rUe_cyredyrUp{9{wcee4e~Uortyd9e,yrUpir´2v{~U¥_wd9e6xPrUp{~Uec~teIpse6xPr6³
	 `ace	pU{dcyx¥Rv_+e~|{rtv4~eÇqGeIu¼r|p,r´v¾{_~t¥4wcdexPrUpv4x rtaceºpU{deºuvqu|»;³`aceºuvqu|» v±rtace
~teIpswrqe6Ge6xcpiv4x	rUace,+vPv4eI{x¾uv4xqyrtyv_x Â
c
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const# i true.s = i.const# i s
const# i false.s = ⊥.const# i s
base# = true.base#
op#(s1, s2) = ε
y±
s1 = ε
v_~
s2 = ε
op#(⊥.s1,⊥.s2) = ⊥.op#(s1, s2)
op#(v1.s1, v2.s2) = (v1 op v2).op
#(s1, s2)
fby#(ε, s) = ε
fby#(⊥.s1,⊥.s2) = ⊥.fby#(s1, s2)
fby#(v1.s1, v2.s2) = v1.fby1
#(v2, s1, s2)
fby1#(v, ε, s) = ε
fby1#(v,⊥.s1,⊥.s2) = ⊥.fby1#(v, s1, s2)
fby1#(v, v1.s1, v2.s2) = v.fby1
#(v2, s1, s2)
when#(ε, c) = ε
when#(⊥.s, c) = ⊥.when#(s, c)
when#(v.s1, 1.s2) = x.when
#(s1, s2)
when#(v.s1, 0.s2) = ⊥.when#(s1, s2)
merge#(s1, s2, s3) = ε
y±
s2 = ε
v_~
s3 = ε
merge#(1.s1, v.s2,⊥.s3) = x.merge
#(s1, s2, s3)
merge#(0.s1,⊥.s2, v.s3) = y.merge#(s1, s2, s3)
not#1.s = 0.not#s
not#0.s = 1.not#s
on#(1.s, 1.c) = 1.on#(s, c)
on#(1.s, 0.c) = 0.on#(s, c)
on#(0.s, c) = 0.on#(s, c)
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	 `aceNqe¶xcyrtyv_xÔv± 1;;¹pr|{rteIp9rta{rºv_xce¾c~|{xGu|aÉdwGprº+e¾c~teIpse6xPr´iaexÔrtace¾v_rtace6~yp
{ptexPrI³
	 ® ee6x ´iyrUa rUaceyxPrUe~Uc~terU{rtyv_xDv_±ptv_de9GvZv_e6{_x v4Ge6~U{rtyv_xpXv_e6~Ge6~tyvqcp³9`acevrUace~
v_+e~|{rUyv4xp,Â²e4³ ¥G³!5	{_x  Ä2±²v4v´rUace,pt{_d9ec~Uyxuyce_³
Yr,yzpe6{_pto¾rtvRu|aceIu|»¾rta{rrtace{+v_egc~Uydyrty_e6p,{_~teuv4xPrtyxPwv_wp±²wcxurtyv_xpS±²~Uv_d£uvqu|»4e6Dpte°
ÀPwce6xueIprtvuvqu|»_eIpte6ÀPwce6xueIp³
`acepted{xPrUyu6pyzpS¥_y_exNrtveÇqc~Ue6pUpsyv_xpX´iacyzu|aDa{F4e{4ptpte6Rrtaceuvqu|»Ru{zuwwp6³ ® ece¶xce
rUace,yx4rUe~Uc~UerU{rtyv_xv±WuvZu|»ºroP+e6pi{4prtace±²v4v´iyxc¥H
[[ct1 → ct2]]P = [[[ct1]]P → [[ct2]]P ]
[[ct1 × ct2]]P = [[ct1]]P × [[ct2]]P
s ∈ [[∀α1, ..., αn.ct]]P =
±²v_~{_
ck1, ..., ckn,
s ∈ [[ct[ck1/α1, ..., ckn/αn]]]P
s ∈ [[ck]]P = {s|clock (s) v P (ck)}
x½v4~Uce~,rUvRrU{_»_eº{F´{FoDu{_wpt{_yroD~tv4ce6dp	Â²´iayu|a·{_~terU~teI{rteI Zo¹ptv_deºqeIqyu6{rUe6½u{_wpU{yro
{_x{oqpsyzpyx	ptoZxu|ac~Uv_xcv4wpWz{xc¥4w{¥4e6p|Ä¼
[[ck]]P
uv4x4r|{yxp?{_GrtaeSpsrt~Ue6{_dp?´iacv4pteuvqu|»9yp{,c~Ue¶Çv_±
rUace{wcev_±
ck
Â0{x¾yxN{_~srUyuwcz{~rtaeedqro¾pseIÀPwcexue
ε
Ä¼³`acyzp´{Fo_{_xRe6ÀPw{rUyv4x
x = x + 1´iayu|ayp´eÆuvZu|»4e6 ÂÃptyxue
P, H, x : ck ` x + 1 : ck
Ä2cwqrixcv_ru{wGpt{_ÂÃyr|pipsd{_e6psrptv_wqrUyv4x	yzp
ε
Äu{_x¾~teIuey_e{psoZxu|a~tv4xcv_wppted{xPrUyu6p³
v_~2{_xZog+e~Uyvqe6xPZy~tv4xcdexPr
P
ZuvZu|»9exZZy~tv4xcdexPr
H
{x	{xZog{4ptpty¥4xcdexPr
ρ
ÂÃ´iacyzu|ad{_p
{_~tyz{ce,x{_d9eIprtv	F{_we6p|Äpswu|a¾rUa{r
ρ(x) ∈ [[H(x)]]P
Grtaced9eI{xcyxc¥v_±W{_xReÇqc~Ue6pUpsyv_xyzp¥_y_e6x
Zo
[[P, H ` e : ct]]ρ
ptwu|arta{r
[[P, H ` e : ct]]ρ ∈ [[ct]]P
³
`acecexcv_rU{rUyv4x{Æpted{xPrUyu6pv±rtace,z{xc¥4w{¥4eXyzpiqe¶xce6¾psrt~Uwu¼rUwc~|{oyx¶¥_wc~Ue,¤c³
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`aeÉqv´ixpUu{_e6~NeÇc{dce·acy¥_ay¥_aPrUp { ±²wcx{dexPrU{_c~Uv_e6d rUvrtae·edgGeIcqyxc¥ v_±Zyzqev
psrt~Ue6{_dyxc¥{_ccyu6{rtyv_xGpyxR{ptoPxGu|ac~tv4xcv_wGp2~tv4¥_~|{ddyxc¥gdvZceL³2`aceqeIpsy¥_xe~iv± rUex¾a{4pi¥_vZvq
~Ue6{4psv4xpSrtv {cco {NpsoZxu|a~tv4xcv_wpv_+e~|{rtv4~ºÂ²e4³ ¥G³rtae{_qyrUyv4xGÄv4x r´2vDu|aG{xcxce6p´iyrUaÉqy¿+e6~s°
e6xPrXuvqu|»Zp6v4~irtvuv_d+v4pte,r´v	psoZxu|a~tv4xcv_wp~tvqueIptpte6p´iav4ptepsy¥_xG{rtw~teIpqvºxcv_rd{r|u|aHGv4~irtv
ydGvPpse{ºG{~trtyzuwcz{~uvqu|»´iayu|a¹qvZe6pXxcvrd{rUu|a¹{xZoRpsv4wcrtyv_xNv_±rtaceuv4xpsrt~|{yx4r|peIÀPw{rUyv4xp³
xGqeeIÆÆyx d{xZoRu{_pte6p6+rtaceuv4xqÓyzu¼rUyxc¥¾uvqu|»qpd{FoRGe #t{d9vPprSycexPrtyzu{_ % ;y0³ e_³;rtace6oRa{F_ertacepU{de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u|a~tv4xcyptd¾³ hXwc~9d{yxÉuv4xPrt~Uycwcrtyv_x·yzpg{ uvqu|» u6{zuwcwprtv¹{_uueqrgrtace¾uv4dGvPpsyrtyv_x·v_±uvqu|»Zp
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[[P, H ` op(e1, e2) : ck]]ρ = op#([[P, H ` e1 : ck]]ρ, [[P, H ` e2 : ck]]ρ)
[[P, H ` x : ct]]ρ = ρ(x)
[[P, H ` i : ck]]ρ = i#[[ck]]P
[[P, H ` e1  7 e2 : ck]]ρ = fby#([[P, H ` e1 : ck]]ρ, [[P, H ` e2 : ck]]ρ)
[[P, H ` e  ;<D pe : ck 5<D pe]]ρ = when#([[P, H ` e : ck]]ρ, P (pe))
[[P, H `
3;;
pe e1 e2 : ck]]ρ = merge
#(P (pe), [[P, H ` e1 : ck
5<D
pe]]ρ,
[[P, H ` e2 : ck
5<DLD!5 9
pe]]ρ)
[[P, H ` e1(e2) : ct2]]ρ = ([[P, H ` e1 : ct1 → ct2]]ρ) ([[P, H ` e2 : ct1]]ρ)
[[P, H ` e1, e2 : ct1 × ct2]]ρ = ([[P, H ` e1 : ct1]]ρ, [[P, H ` e2 : ct2]]ρ)
[[P, H `  : 9 s1, s2 : ct1]]ρ = s1 ´iae~Ue s1, s2 = [[P, H ` e : ct1 × ct2]]ρ
[[P, H `
: DE
s1, s2 : ct2]]ρ = s2
´iae~Ue
s1, s2 = [[P, H ` e : ct1 × ct2]]ρ
[[P, H ` e′  ;; x = e : ct′]]ρ = [[P, H, x : ct ` e′ : ct′]]ρ[x∞/x]
´iace~Ue
x∞ =
 Q (d 7→ [[P, H, x : ct ` e : ct]]ρ[d/x])
JP, H `
D!5FE;
f(x) = e :
fgen(ct1 → ct2)Kρ = [(d 7→ [[P, H, x : ct1 ` e : ct2]]ρ[d/x])/f ]
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 clk2  ( 
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 clki  Ð[
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 clk1 ./ clk2   ) Ï
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Q$zË)0Ë d, d′ ∈ N Ë¼ÒÎ|Ï )²Ï  ) clk1 ≺ 0d.clk2  Í/
clk2 ≺ 0d
′
.clk1
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ī
psrU{_xcp±²v4~ixcvyxcwqrvquuw~Upi{_xºrUaceptoPdgGv4
ō
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